The risk for skin cancer has been well characterized in white organ transplant recipients (OTRs); however, most patients on the waiting list for organ transplant in the United States are nonwhite. Little is known about cutaneous disease and skin cancer risk in this OTR population.
T he high incidence of cutaneous malignant neoplasms has been well described for patients who undergo solid organ transplant (organ transplant recipients [OTRs] ) who are white. This risk is well known in the transplant community and correlates with intensity and duration of exposure to UV radiation and immunosuppression. Recent data indicate that mortality associated with skin cancer in OTRs may be even higher than that associated with breast or colon cancer after transplant. 1 The establishment of specialty dermatology clinics for transplant recipients has been found to improve skin cancer awareness and protective behaviors, and such interventions are targeted at decreasing the burden of skin cancer in the population undergoing transplant. 2 Despite these advances, little is known about the risk factors, incidence, locations, and types of skin disease that occur in nonwhite OTRs. Standardized models to efficiently address the dermatologic needs of nonwhite OTRs have not been implemented in our health care system, presumably owing to this lack of awareness. The US Census Bureau estimates that nonwhite, or minority, individuals will constitute most of the population by the year 2050. 3 Correspondingly, 120 000 patients are on the waiting list for organs in the United States, 58% of whom are nonwhite individuals. 4 This knowledge deficiency represents a significant practice gap within the field of transplantation. The aim of this study was to characterize the differences between nonwhite and white OTRs with regard to the nature of their risk for developing posttransplant skin disease and their attitudes and knowledge about these risks.
Methods
The Drexel Dermatology Center for Transplant Patients is a multidisciplinary medical-surgical dermatology center to which the Drexel University Abdominal Transplant Program refers all recipients of solid organ transplants for comprehensive skin examination. At present, referrals are made early in the patients' posttransplant course. Patients undergo evaluation for all cutaneous lesions; suspicious lesions undergo biopsy, and those specimens with histologic findings suggestive of viral change are sent for human papillomavirus (HPV) typing. Patients are counseled on self-examination of the skin and photoprotection and receive written educational materials regarding skin cancer in OTRs. Questionnaires are administered to assess patients' knowledge and behaviors toward skin cancer prevention. All patients are scheduled at least yearly for total body skin examination. This study was approved by the institutional review board of Drexel University. Informed consent was not required for this retrospective review of medical records. A retrospective review of the medical records of 412 OTRs referred to the Drexel Dermatology Center for Transplant Patients from November 1, 2011, through April 22, 2016, was performed using the electronic medical record. First, we recorded a primary diagnosis, defined as the diagnosis of highest acuity, at the initial consultation, which included malignant or premalignant, infectious, and inflammatory categories. One hundred twenty-three patients failed to meet the criteria of having at least 1 of these 3 high-acuity conditions. Second, all skin cancers that were diagnosed after the date of transplant were reviewed for type and location. To investigate the risk associated with sun exposure, we divided body locations into 3 categories designated sun exposed (SE), sun protected (SP), and partially sun exposed (PSE). The SE category included the head, neck, scalp, and upper extremities. The SP category included the genitals, palms, fingertips, and finger webs. The PSE category included the lower extremities and trunk (chest, abdomen, and back). Third, questionnaires completed by OTRs presenting for their first visit were reviewed, with evaluation of the patients' self-reported knowledge regarding skin cancer risk and prevention.
In each analysis, patients were stratified by race or ethnicity, including 154 white patients and 258 nonwhite (black, Asian, or Hispanic) patients. According to the US Census Bureau, individuals who identify as Hispanic, Latino, or Spanish may be of any race; thus, all Hispanic patients were grouped together, irrespective of race or ethnicity. Additional races (eg, Pacific Islander) represented by fewer than 5 patients were omitted from this analysis.
We created Kaplan-Meier survival curves representing cancer-free survival during the time from transplant to skin cancer diagnosis for 30 years after transplant. Patients lost to or unavailable for follow-up, those with nonskin cancer-related mortality, and those with inaccurate records were censored in the analysis. We used a log-rank test to determine the significance of the difference between white and nonwhite populations. Statistical analysis was not run on other comparisons owing to small sample size. All statistical analyses used SPSS Statistics software (SPSS Inc).
Results

Demographics
A total of 412 OTRs underwent evaluation during the study period. The study population included 154 white patients (37.4%) and 258 nonwhite patients (62.6%), of whom 190 (46.1%) were black, 35 (8.5%) were Asian, and 33 (8.0%) were Hispanic (Table) . Most of the white OTRs self-identified Fitzpatrick skin
Key Points
Question Should dermatologists evaluate organ transplant recipients differently based on race?
Findings This medical record review of 412 organ transplant recipients found that the most common acute diagnosis for white recipients was malignant neoplasm compared with infectious or inflammatory conditions in nonwhite recipients, and most skin cancers in white and Asian recipients occurred in sun-exposed areas, whereas two-thirds of malignant neoplasms in black recipients occurred in sun-protected areas. Nonwhite organ transplant recipients were less likely to have regular dermatologic examinations and know the signs of skin cancer.
Meaning Nonwhite organ transplant recipients need directed skin care in a transplant dermatology center with emphasis placed on race-associated risk factors.
types of I to III, whereas a predominant proportion of Asian, Hispanic, and black populations self-identified skin types of II to IV, III and IV, and V and VI, respectively. Two hundred sixty-four patients (64.1%) were male and 148 (35.9%) were female, with a mean age of 60.1 years (range, 32.1-94.3 years), and 292 (70.9%) had received a kidney transplant. The mean time from referral to the initial dermatology clinic visit was 64.5 days (range, 0-3023 days). The mean patient follow-up time from transplant was 2147.9 days (range, 16-8781 days). The mean time a patient was followed up in our clinic after the initial visit was 469.9 days (range, 4-1612 days). The mean time of immunosuppression ranged from 8.0 years (range, 0.1-29.8 years) in black patients to 11.9 years (range, 1.3-27.3 years) in Hispanic patients. The mean time from transplant to the diagnosis of first skin cancer was 6.57 years (range, 0.02-25.49 years).
Primary Diagnostic Category
Two hundred eighty-nine OTRs exhibited malignant or premalignant, infectious, or inflammatory processes at the initial visit, including 121 white, 116 black, 25 Hispanic, and 27 Asian patients ( Figure 1) . In 82 white patients (67.8%), malignant or premalignant disease was the most common diagnostic category, with inflammatory and infectious processes among 25 (20.7%) and 14 (11.6%), respectively. 
Skin Cancer
A total of 389 skin cancers were diagnosed in 79 OTRs, with 370 (95.1%) lesions in white patients and 19 (4.9%) in nonwhite patients. Sixty-four of 154 white patients (41.6%) and 15 of 258 nonwhite patients (5.8%) developed skin cancer. Nine lesions were diagnosed in 6 black patients (3.2%), 4 lesions in 4 Hispanic patients (12.1%), and 6 lesions in 5 Asian patients (14.3%). Overall, squamous cell carcinoma (SCC) in situ was the most common type of skin cancer diagnosed in each racial or ethnic group. We found 143 SCCs in situ, 106 SCCs, 117 basal cell carcinomas (BCCs), 2 malignant melanomas, 1 sebaceous carcinoma, and 1 trichilemmal carcinoma in the white cohort, with an SCC:BCC ratio of 2.13:1. In the nonwhite cohort, we found 13 SCCs in situ, 1 SCC, 4 BCCs, and 1 sebaceous carcinoma, for an SCC:BCC ratio of 4. 
Skin Cancer Risk Awareness and Prevention
Sixty-six initial visit questionnaires were completed by 22 white, 35 black, 6 Hispanic, and 3 Asian patients (Figure 4) . The patients were grouped into white and nonwhite owing to limited responses; follow-up with more patient responses may allow comparison among all 4 racial and ethnic groups. Seventeen white (77.3%) and 30 nonwhite (68.2%) OTRs were aware that their skin cancer risk was increased. Sixteen white (72.7%) and 26 nonwhite (59.1%) OTRs were aware that sunscreen decreased the risk for cancer. Six white (27.3%) and 6 nonwhite (13.6%) OTRs reported using daily sunscreen with a sun protection factor. Eight white Darkness of the shading directly correlates with the proportion of total lesions found in the respective location. Sun-exposed sites include the head, neck, scalp, and upper extremities (UE). Partially sun-exposed sites include the lower extremities (LE) and the trunk (chest, abdomen [ABD], and back). Sun-protected sites include the genitals, palms, fingertips, and finger webs. 
Discussion
This OTR cohort is unique because the population is derived from a multidisciplinary transplant dermatology model wherein all solid OTRs are referred for dermatologic evaluation. In addition, nearly two-thirds of the population consist of OTRs who identify as nonwhite, a group known to have distinct dermatologic needs. 5 At presentation, 67.8% of white OTRs with an acute primary diagnosis had a malignant or a premalignant lesion. This finding explains the current cancer-centered approach to OTRs and argues for a continued concentration on malignant disease in these patients. However, analysis of nonwhite OTRs demonstrated contrasting patterns. In all nonwhite groups, most of the patients were diagnosed with an infectious or inflammatory process, whereas only 13.7% presented with malignant or premalignant lesions at the first visit. The true proportion of infectious and inflammatory conditions may be masked by the fact that patients with malignant or premalignant lesions may also exhibit inflammatory and infectious conditions.
Although early detection and treatment of cancer is vital, nonwhite OTRs would also benefit from addressing nonmalignant processes that are exacerbated by immunosuppression. Although infectious processes affect morbidity and mortality in OTRs, many banal conditions prove to be chronic with distinct burdens in these patients. The incidence of fungal and HPV infections is significantly increased in OTRs. 6, 7 The prevalence of viral warts in OTRs has been reported to be as high as 77% to 95% at 5 years after transplant, and beta-HPV may have a role in the formation of SCC. [8] [9] [10] Organ transplant recipients with herpes simplex virus infection have more recurrent and severe symptoms than immunocompetent individuals, shed virus more frequently, and are at higher risk for developing disseminated infection. [11] [12] [13] Furthermore, posttransplant dermatologic disease has been shown to significantly affect quality of life in OTRs, in particular dry skin, acne, genital warts, and herpes simplex virus type 1 infection. 14 Studies suggest that skin cancer may have lesser effects on Dermatology Life Quality Index findings. 14, 15 Because quality-of-life issues influence choice of immunosuppressive agents, treatment protocols, and adherence with medication regimens, perhaps the lower incidence of malignant lesions in the immediate posttransplant period in nonwhite OTRs should not result in deferring evaluation but rather direct care toward more immediate quality-of-life interventions in these patients. The most common type of skin cancer in our cohort was SCC. The ratio of SCC:BCC in OTRs has been reported to be approximately 3:1. 16 In the present study, the ratio in white OTRs was 2.13:1, whereas in nonwhite OTRs it was 4.5:1. In addition, the prevalence and location of skin cancers differed among races and ethnicities. The white population developed skin cancer on SE sites. Results in nonwhite OTRs were variable, with the black population developing skin cancer on SP sites; Hispanic patients, on PSE sites; and Asian patients, on SE sites. These findings are consistent with what has been reported in the literature for their nonimmunosuppressed counterparts. 17 The differences in prevalence and location observed in our cohort raise questions regarding risk factors. Despite the development of fewer lesions among Asian OTRs, the distribution of skin cancers in Asian OTRs parallels that of white OTRs, suggesting that sun exposure plays a significant role in the development of skin cancer in both subsets of patients. 18, 19 Hispanic and black
OTRs developed more lesions in PSE and SP sites, respectively. The results of HPV typing in SCC in situ found in PSE and SP sites are consistent with reports suggesting a link between HPV and SCC. 10 Our results also suggest a viral cause of SCC in SP locations, particularly in the black OTR population. Negative results of HPV typing in PSE lesions of Hispanic patients suggest that, despite developing lesions where an HPV-induced cause is suspected, sun exposure may be more significant in this population. Regardless, lesions in SP and PSE sites that are suggestive of verruca vulgaris or condyloma acuminatum among nonwhite OTRs should undergo biopsy, as should the lesions sent for HPV typing, in ef- forts to identify those at higher risk for developing cutaneous malignant disease. Furthermore, consideration should be given to routine administration of the HPV vaccine before transplant for all patients. A total of 4 BCCs were diagnosed in our nonwhite OTRs, which were similar in anatomic location to those in white OTRs. UV radiation is a significant risk factor for BCC, and all lesions occurred on SE or PSE sites. In the black OTR cohort, 2 BCCs were found: one with a Pinkus tumor that was found 21 years after kidney transplant, and the other in a patient who underwent heart transplant with porphyria cutanea tarda 10 years after transplant. Both lesions underscore the limitations of focusing solely on sun-protective practices to decrease skin cancer risk in black OTRs.
In the United States, the risk for developing SCC increases with time after transplant, with a cumulative risk of 10% to 27% at 10 years and 40% to 60% at 20 years after transplant. 16 In our study, statistically significant differences in disease-free survival were found between white and nonwhite populations. This late decrease in cancer-free survival may be a manifestation of the small sample size and will benefit from follow-up monitoring as our patient population grows. The results of our New Patient Visit survey revealed interesting trends. Most white and nonwhite OTRs reported that they are at risk for skin cancer. A predominant proportion of white and nonwhite patients reported knowing that sunblock decreases their risk for skin cancer and having checked their skin during the previous month. These findings were unexpected because other studies 20, 21 have described nonimmunocompromised nonwhite individuals as less likely to perceive themselves to be at risk for cutaneous malignant disease than their white counterparts. This discrepancy is likely explained by the emphasis that our Drexel University Abdominal Transplant Program places on the importance of dermatology as a part of comprehensive posttransplant care. Our nonwhite OTRs appear to be effectively counseled regarding the importance of skin cancer screening and routine dermatologic follow-up from an early stage.
Despite acknowledging their risk for skin cancer and modification strategies, our nonwhite OTRs were notably less likely to wear sunscreen and have skin checks with a dermatologist compared with our white OTR population. Our nonwhite cohort's knowledge of the signs of skin cancer was significantly lower than that of their white counterparts. These results are consistent with reports of low use of sunscreen and rates of routine skin cancer screening in the nonwhite population. 20, 21 This finding emphasizes the need for development of routine, standardized, and focused education regarding prevention and signs of skin cancer for nonwhite OTRs.
Limitations
We acknowledge several important limitations to our study. The single-center retrospective design has inherent limitations. In addition, the sample size and follow-up periods were variable.
Conclusions
This study sought to characterize differences in posttransplant cutaneous disease between white and nonwhite OTRs. When compared with that among white OTRs, the incidence of skin cancer is significantly lower among nonwhite OTRs. Early management should focus on infectious and inflammatory cutaneous disease in efforts to improve quality of life and moderate skin cancer risk in nonwhite OTRs. Based on our findings, we suggest that optimal posttransplant dermatologic care be determined based on the race or ethnicity of the patients; however, regardless of skin type or race or ethnicity, a baseline full-skin assessment should be performed in all patients. Routine skin cancer follow-up screenings should be implemented immediately after transplant for Asian and Hispanic OTRs, particularly for those with Fitzpatrick skin types of II to IV and a history of increased sun exposure. Black OTRs may be able to delay yearly screenings; however, routine skin checks should begin earlier after transplant for all nonwhite OTRs, in particular black OTRs, with a history of or clinically evident HPV infection. With respect to cutaneous malignant disease, educational objectives for Asian and Hispanic OTRs should continue to focus on sun protection, which may be less pertinent for black OTRs. Black OTRs should be counseled to perform self-examination of the genitals and recognize the signs of HPV infection. All nonwhite OTRs should be counseled more effectively on the signs of skin cancer, with focused discussion points contingent on skin type and race or ethnicity. 
